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Silent Satellites: Critical Fluctuations in Chromiun
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Neutron scattering measurements of critical fluctuations associated with the spin-density-wave
transition at the Néel temperature 7x = 311 K, in a single-Q chromium crystal are reported.
Surprisingly, critical fluctuations are observed emanating from satellite positions, corresponding to
absent magnetic domains, at which no elastic scattering occurs. The inelastic scattering from these
“silent satellites” grows rapidly with increasing temperature, becoming equal to the allowed single-Q

satellite scattering at Ty .

PACS numbers: 75.30.Fv, 75.40.Gb

The disappearance of the long-range ordered, spin-
density-wave (SDW) state of pure chromium at the Néel
temperature, 7n = 311 K, was first recognized to be
weakly first order by Arrott, Werner, and Kendrick [1]
30 years ago. Single-Q magnetic domain samples can
be produced by cooling through T with a large magnetic
field aligned along the [100] crystal axis. After removing
the field, the resulting ordered phase, at temperatures be-
low Ty but above the spin flip transition at Tsg = 122 K,
is a magnetically orthorhombic, transversely polarized
SDW state characterized by the incommensurate magnetic
satellites at Q= = (1 * §,0,0). Observation of the criti-
cal fluctuations leading to the disappearance of this SDW
phase and the return of cubic symmetry in the paramag-
netic state have largely eluded all previous experiments
[2—4]. The principle result of this Letter is the observa-
tion of critical scattering emanating not only from the al-
lowed, incommensurate elastic magnetic satellites of the
underlying ordered phase but also from satellites, Q% =
{1, £6,0)&(1,0, = 8)}, at which no static magnetic scat-
tering exists. In addition, the q width of this scattering
demonstrates an unusually weak temperature dependence.
We know of no other system in which such purely dynamic
“silent satellite” scattering has been observed. On the
other hand, like chromium, other itinerant systems evinc-
ing incommensurate charge-density or spin-density insta-
bilities, as originally discussed by Overhauser [5], might
prove accessible to similar studies. The existence of these
silent satellite fluctuations leads, for the first time, to a con-
sistent picture of the symmetry change at the Néel tran-
sition in chromium and provides a unique opportunity to
study critical fluctuations in an ordered state without an at-
tendant underlying static magnetization wave.

The measurements presented below were performed at
the HFBR H-9 triple-axis spectrometer using a 60'-40'-
60'-S-80'-80' collimation configuration and unpolarized
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neutrons with a fixed incident energy of E; = 5.0 meV.
The (002) reflection of pyrolytic graphite was used to
monochromate and analyze the incident and scattered
neutrons. Cold beryllium was used to filter higher or-
der (A/n) contamination from the incident beam. Two
crystals were used for the measurements: Cr#10, an ir-
regularly shaped 25.6 g single crystal with a 0.73° mo-
saic and Cr-f, and a rectangular, 6.2 X 5.9 X 7.0 mm?,
1.9 g single crystal with a 0.48° mosaic. Prior to the
measurements, each sample was prepared in a single do-
main or single-Q magnetic state by cooling through Néel
transition to room temperature with a magnetic field of
|[H| = 20 T applied along the (h00) crystal axis [6].
After removing the field, the samples were mounted in
separate, closed cycle “He refrigerators with the (001)
axis normal to the scattering plane. Two sets of satel-
lites are accessible in this geometry: the (1 = §,0,0) and
(%8,1,0) satellites, corresponding to the allowed mag-
netic reflections of the prepared single-Q state, and the
(0,1 = 6,0) and (1, =8,0) silent satellites of the absent
QX% = (0,1 = 8,0) magnetic domain (Fig. 2, inset). Be-
fore the scattering experiments, both crystals were cooled
to a temperature of 7 = 250 K. All subsequent elastic
and inelastic measurements were made with monotoni-
cally increasing temperature.

Our central result is presented in the 7 = 307 K, Cr#10
data of Fig. 1. The AE = 0 scans in the top panel of the
figure show that elastic scattering from the silent satellite
positions is almost completely absent. The measured
ratio of allowed to silent satellite elastic intensities,
i.e., the single-Q ratio, is =1000:1. The absence of
elastic silent satellite scattering contrasts sharply with
the inelastic intensities observed at AE = 0.5 meV,
shown in the bottom panel. These data indicate that
strong fluctuations are simultaneously present at both the
allowed and silent satellites. The assignment of a purely
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FIG. 1. Top: elastic scans in Cr#10 at allowed (@) and silent
(O) satellite positions at 7 = 307 K. Bottom: equivalent
inelastic scans with AE = 0.5 meV, which demonstrate the
existence of fluctuations at both allowed and silent satellite
positions.

magnetic character to these peaks is straightforward as the
phonon spectrum of chromium is largely uneffected by
the Néel transition [7], and the weak nuclear scattering
associated with the finite charge-density-wave below Ty
is observed only about the allowed nuclear reflections
with an incommensurate offset twice that of the magnetic
fundamental, i.e., (2 = 28,0,0) [8].

Inelastic scattering is also evident at the commensurate
position, 7,, = (1,0,0). This apparent commensurate in-
tensity can be attributed to the finite vertical momentum
resolution used in these measurements and the large mo-
saic of Cr#10, which together lead to significant inten-
sity at (1,0,0) from the (1,0, *38) silent satellites above
and below the scattering plane. These factors also re-
sult in an apparently smaller separation between the silent
satellite peaks relative to that between the allowed satel-
lite peaks. With the wider vertical resolutions typically
employed in previous measurements, these effects lead to
the “commensurate diffuse” scattering reported in earlier
work [3,4]. To avoid this commensurate contamination
and additional intensity normalization problems due to
irregular sample geometry, subsequent temperature de-
pendent measurements were performed on the more phys-
ically symmetric and mosaically sharper crystal Cr-f.

The temperature dependence of the elastic scattering
intensity observed in Cr-f in transverse scans through the
allowed (+6,1,0) and silent (1, =8, 0) satellite positions
is shown in the main panel of Fig. 2. The weakly first
order transitions at 7y = 310.3 K, evident in the allowed
satellite data, is characteristic of homogeneous, strain-free
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FIG. 2. Temperature dependence of the elastic scattering
intensity for Cr-f. Inset: (hk0) scattering plane with accessible
silent (O) and allowed (@) satellites. Top: elastic scattering
intensities from transverse scans through the allowed (*8,1,0)
and silent (1, = 68,0) satellites. Bottom: longitudinal/transverse
intensity ratios with the ideal value R.j,5c shown by a
dashed line.

chromium. The elastic scattering observed in the silent
satellite data indicates that a small fraction of the crystal
has ordered with a nesting vector parallel to the (010)
axis. The single-Q ratio remains constant at 16:1 for all
temperatures below Ty .

For quantitative comparison of the inelastic intensities
associated with the silent and allowed satellites, correc-
tions must be made to account for this finite single-Q
ratio. In addition, attention must be paid to the de-
pendence of the effective scattering volume on sample
orientation. Measurements of the incoherent scattering
intensities near (100) and (010) indicate that the rectan-
gular shape of Cr-f results in well balanced scattering
volumes 706" /131" = 0.99(6) for these two orienta-
tions. The polarization dependence of the elastic magnetic
cross section yields another check of the effective scatter-
ing volume. In the transversely polarized SDW phase of
chromium, this polarization dependence ideally results in
an Reiastic = 2:1 intensity ratio at satellites for which the
scattering vector is, respectively, parallel and perpendic-
ular to the nesting vector [9]. The temperature depen-
dence of this ratio is shown in the bottom panel of Fig. 2
for both the allowed (solid circles) and silent (open cir-
cles) satellites [10]. The agreement between the data and
Relastic is generally good and improves with increasing
temperature as the ordered moment and the accompany-
ing distortive effects of extinction [11] are reduced.
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Representative inelastic, AE = 0.5 meV, scans through
the allowed and silent (hk0) satellites of Cr-f are shown
in Fig. 3. At T = 282 K (Ty — 28.3 K) the observed
inelastic scattering is due solely to spin-wave excitations
originating at the allowed satellite positions. The weak
scattering evident in the silent satellite data is, within
error, spin-wave contamination resulting from the 16:1
admixture of allowed and silent domains. The absence
of silent satellite dynamics at 7 = 0.97y demonstrates
that the scattering which develops at higher temperatures
at these satellite positions is entirely due to critical
fluctuations associated with the disappearance of the
ordered state at 7Ty. With increasing temperature the
silent satellite scattering grows rapidly so that, at 7 =
309.75 K (Ty — 0.55 K), the ratio of the allowed silent
intensities is approximately 2:1. This behavior is in
sharp contrast to the temperature independent, 16:1 elastic
scattering ratio of Fig. 2. Finally, at T = 311 K (Ty +
0.7 K) the silent and allowed satellite intensities are
essentially equal as required by the cubic symmetry of
the paramagnetic state.

At all temperatures, the longitudinal and transverse date
for Cr-f are well described by Lorentzian-squared and
Gaussian line shapes, respectively. The additional width
evident in the transverse data is an effect of the crystal
mosaic. The growth of the silent satellite intensities is
accompanied by an increasingly asymmetric line shape
as the vertical spectrometer resolution Ag, = 0.047 A~
(FWHM) includes a fraction of the intensity originating
at out-of-plane silent satellites, (1,0, =8) and (0, 1, =8).
However, the resulting commensurate contamination is
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FIG. 3. Inelastic scans with AE = 0.5 meV in Cr-f at T =
282, 309.75, and 311 K.
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much smaller than that observed in measurements of
Cr#10 (Fig. 1). By fitting the spectra over a limited range,
as shown by the solid lines in the Fig. 3, quantitative
difficulties caused by this vertical scattering can be
avoided.

The temperature dependence of the inelastic scattering
in Cr-f, corrected for variations due to the |q| dependence
of the magnetic form factor of chromium [10], is shown in
Fig. 4. Only spin-wave scattering at the allowed satellite
positions is observed at low temperatures. The different
intensities of the allowed longitudinal and transverse data
reflect an intrinsic spin-wave polarization dependence
originally studied as a function of energy by Burke et al.
[12]. At T =282 K, the ratio of these spin-wave
intensities is 1.47(10), somewhat lower than the 1.75
ratio measured by Burke et al. at T = 145 K. The
scattering at all four satellites increases with increasing
temperature, with the difference between the allowed
and silent satellite intensities remaining roughly equal.
This suggests that the fluctuations responsible for the
scattering at the silent satellite positions are also present,
and of comparable magnitude, at the allowed satellite
positions. The equality of the scattering intensities at
the longitudinal and transverse silent satellite positions is
consistent with critical fluctuations which are independent
of polarization. At Ty, the scattering at the silent satellites
appears to jump discontinuously so that the scattering
intensities at all four satellites are, within error, equal in
the paramagnetic phase. The inelastic scattering continues
to grow above Ty and finally peaks at 7 = 311 K
(Ty + 0.7 K).

The temperature dependence of the FWHM q width,
which provides a measure of the inverse length scale of
these fluctuations, is shown in the top panel of Fig. 5.
In the paramagnetic phase above Tn the widths of the
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FIG. 4. Temperature dependence of the inelastic intensities
with AE = 0.5 meV in Cr-f at the four satellite positions in
the (hkO) plane.
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FIG. 5. Top: temperature dependence of the FWHM q width
of the longitudinal AE = 0.5 meV scans in Cr-f. Bottom:
temperature dependence of the incommensurability parameter,
8, of the AE = 0 and 0.5 meV data.

allowed and silent peaks are approximately equal. With
decreasing temperatures below 7y, the silent satellite
width grows while the allowed satellite width decreases
gradually. The weak minimum in the silent satellite width
near Ty indicates that the length scale of the dynamic
correlations has, as expected, a maximum near the Néel
transition. However, we note that the general temperature
evolution of the silent satellite widths, allowing for the
weakly first order nature of the transition, does not possess
a typically critical character as observed, for instance, in
localized moment systems.

The temperature dependence of the incommensurability
parameter for the elastic 8pmev and inelastic 8¢5 mev
peaks are shown in the bottom panel of the Fig. 5.
Well below Ty, 6pmev decreases in an approximately
linear fashion with increasing temperature. However,
within a few degrees of T this rate of change increases
substantially. As the instrumental energy resolution in
these measurements is 6 E = 0.2 meV (FWHM), these
nominally elastic measurements are also sensitive to low
energy fluctuations near Ty. The smaller values of
Somev at these temperatures, and the slightly smaller
values of 8ps5mev at all temperatures, are consistent with
the observation that & falls off with increasing energy
transfers [13]. A more detailed study comparing the
energy dependence of delta below and above Ty is
currently underway.

The results presented in this paper demonstrate that
the commensurate diffuse mechanism invoked in ear-
lier neutron scattering studies has no empirical justifi-
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cation. Rather, the SDW to paramagnetic transition in
chromium is driven by critical fluctuations arising at the
six satellite positions about the nominal antiferromagnetic
zone center: (1 * 8,0,0), (1, =8,0), and (1,0, +8). The
common, incommensurate origin of both spin-wave and
critical excitations presents a simple and more elegant pic-
ture of the magnetic dynamics of chromium. The ability
to distinguish critical fluctuations from spin-wave or elas-
tic scattering is a feature unique to the silent satellites
of single-Q chromium. A superior single-Q sample, cur-
rently in preparation, should allow a more quantitative and
systematic study of the temperature, energy, and q depen-
dence of this novel scattering.
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